INTRODUCTION
Ground-water from the Coastal Plain aquifers of South Carolina is a valuable resource. Many municipalities and industries located in the Coastal Plain are dependent on ground water for their water supply. Efforts to describe, develop, plan the use of, and manage this resource require knowledge of the hydraulic characteristics of the aquifers. The results of only a few aquifer tests have been published to date, for areas in South Carolina.
The objective of this report is to present the results of representative aquifer tests and specific-capacity tests for the Coastal Plain aquifers of South Carolina. This report is limited in scope to data from the files of the U.S. Geological Survey and the South Carolina Water Resources Commission for the Coastal Plain aquifers of South Carolina. The data from most of the aquifer tests has not been previously analyzed to determine hydraulic characteristics of the aquifers. Published reports containing the results of aquifer tests are noted for reference.
The U.S. Geological Survey has been conducting a series of investigations of major aquifers throughout the United States as part of the Regional Aquifer Systems Analysis (RASA) program. These studies provide a more comprehensive understanding of ground-water availability throughout the Nation. The Coastal Plain aquifers in South Carolina are being studied as a part of this program. This report has been produced as a part of the RASA program.
Definition of Terms
Several terms are used frequently in this report. Transmissivity, storage coefficient, specific capacity, hydrologic boundary, multiple-well aquifer test, and single-well aquifer test are defined below to avoid confusion in their use.
Transmissivity is defined as the rate at which water of the prevailing kinematic viscosity is transmitted through a unit width of the aquifer under a unit hydraulic gradient. It is generally expressed in units of cubic feet per day per foot, reduced to feet squared per day. Transmissivity is the most important and widely used parameter that describes the transmission of water through an aquifer. It can be used to predict the potential yield of a proposed well for a specified drawdown and to estimate the pumping effect of wells on one another.
The storage properties of an aquifer are indicated by the storage coefficient. The storage coefficient is defined as the volume of water an aquifer releases from or takes into storage per unit surface area of the aquifer per unit change in head. The term is dimensionless. In confined aquifers, water released from storage is the result of compression of the aquifer and expansion of the water. Storage coefficients generally are between 0.001 and 0.00001 for confined aquifers. In unconfined aquifers, water is released from storage mostly by gravity drainage of the aquifer pores. This results in much higher storage coefficients; 0.2 is typical.
Specific capacity is defined as the rate of discharge from a well divided by the drawdown of the water level in that well and is expressed in gallons per minute per foot. For comparability, specific capacity ideally is based on a 1-day period of pumping when possible, or a shorter period may be graphically projected to 1 day. Estimates of aquifer transmissivity can be made from specific-capacity data, although well efficiency, which is independent of transmissivity, affects specific capacity.
Hydrologic boundary is used to denote a significant change in hydraulic characteristics, such as that produced by a stream penetrating the aquifer or substantial changes in aquifer permeability or thickness. This concept is commonly used in the analysis of aquifer tests to explain the effects of nonhomogeneities or finite nature of the aquifer on the test data.
A multiple-well aquifer test in this report refers to a test where drawdown is measured in one or more observation wells other than the pumped well. The storage coefficient can be computed in a multiple-well test. A single-well aquifer test is a test where drawdown is measured only in the pumped well.
Previous Investigations
Although this report is the first comprehensive listing of the results of aquifer tests in the Coastal Plain of South Carolina, and it presents the results of many tests for the first time, it is not the first effort concerned with the subject. Results of aquifer tests in the Coastal Plain of South Carolina were included in reports by Siple (1957 and 1967) , Marine and Root (1976) , Root (1977) , Zack (1977) , Hayes (1979) , Park (1980 and 1985) , and Cahill (1982) . Most of the data in these reports were either original analyses of tests conducted by the investigator or the reporting of results obtained by other investigators and consulting engineers. In addition, a considerable amount of specific-capacity data, mostly from drillers' records, were reported by Siple (1975) , Hayes (1979) , and Park (1980 and 1985) . Other tests have been reported individually by the consulting engineers or drilling companies conducting the tests. All of the above information, where used in the tabulation of aquifer test results in this report, is appropriately referenced.
GENERALIZED GEOHYDROLOGIC FRAMEWORK OF THE COASTAL PLAIN AQUIFERS
The Coastal Plain ( fig. 1 ) is underlain by a coastward-thickening wedge of sediment consisting of sand, silt, clay, and limestone of Holocene to Late Cretaceous age. These sediments are underlain by pre-Cretaceous rocks consisting of consolidated sedimentary rocks of Triassic age and a complex of metamorphic and igneous rocks similar to those found near the surface in the Piedmont.
The wedge of sediments underlying the Coastal Plain of South Carolina (figs. 2 and 3) has been divided into six regional aquifers, with intervening confining units, by Aucott and others (in press ). These six aquifers; the surficial aquifer, the Floridan aquifer system, the Tertiary sand aquifer, the Black Creek aquifer, the Middendorf aquifer, and the Cape Fear aquifer; are correlated with geologic formational units in table 1. A detailed description of the configuration and characteristics of these aquifers can be found in Aucott and others (in press) and in Colquhoun and others (1983) .
AQUIFER-TEST DATA Sources
Published aquifer-test information and analyses for the Coastal Plain aquifers of South Carolina are available from the following sources: Siple (1957 Siple ( , 1967 Siple ( , 1975 , Marine and Root (1976) , Root (1977) , Zack (1977) , Hayes (1979) , Park (1980 Park ( , 1985 , and Cahill (1982) . Distribution of previously published aquifer test information, by county, is shown in figure 4. These sources include multiple-well tests, single-well tests, and specificcapacity tests. Previously published aquifer tests were reanalyzed and included herein only if the measurement data were available. Otherwise, results previously published are not repeated here.
A great quantity of raw data from the files of the U.S. Geological Survey and the South Carolina Water Resources Commission was utilized in this study. This consisted mostly of well-performance tests conducted by drillers. The largest part of these data consisted of specific capacity tests only, although many aquifer tests, mostly single-well, were available. Almost none of the information was collected by or under the supervision of U.S. Geological Survey or South Carolina Water Resources Commission personnel.
Limitations
Aquifer tests provide their most reliable information when they are conducted with wells tapping a substantial part of the aquifer. Much less representative data result when a minor fraction of the aquifer thickness is tapped or when two or more separate aquifers are screened by the same well. (modified from Aucott and Speiran, 1985a) . (modified from Aucott and Speiran, 1985a) . In South Carolina it is common for wells to have multiple screened intervals in order to obtain as much water as possible from a particular well. Where several water-bearing beds are separated by thin nonproducing beds, the entire zone often behaves as a unit having a common water level, or hydrostatic pressure, and a common water quality. If water-bearing beds are separated by thick beds of much lower permeability, the water-bearing beds are likely to represent separate aquifers with differing hydrostatic pressures and possibly differing water-quality characteristics.
Some of the aquifer tests were made at wells in which the producing zones probably represent parts of more than one aquifer. In these situations it is not known what proportion of the well discharge is provided by each aquifer; therefore, the values for transmissivity derived from multiple-aquifer wells that are reported in table 2 should be considered as minimum estimates of the total transmissivity of these combined aquifers.
Simplifying Assumptions
The nature of the available data required that several assumptions be made. The first assumption is that the data available accurately represent the particular test conducted. The absence of control over test procedures means that the quality of the data is uncertain. This is particularly true for specific-capacity tests where a series of measurements over time that can be evaluated to detect possible unusual occurrences is unavailable. A number of single-well and multiple-well aquifer tests were not used because of data irregularities that may have reflected improper test procedures.
Partial penetration is a potential problem with many of the tests. No correction was made for partial penetration, for three reasons. First, most of the tests used were from large-scale municipal or industrial wells that screen most of an aquifer. Second, most drillers are likely to screen only the most permeable sediments in an aquifer, leaving the least permeable part of the aquifer unscreened. Last, many of the wells that are partially screened use multiple screens and it would be difficult to accurately make corrections. As a result of the lack of correction for partial penetration, the transmissivities presented are probably underestimates.
The effects of well loss and inadequate development can produce a significant error in estimates of transmissivity derived from specific-capacity data. Because no corrections for these effects can be made with the available data, transmissivity estimates derived from specific-capacity data will tend to be underestimates of the actual values. Multiple-well and singlewell aquifer tests provide the most accurate estimates of transmissivity. In areas of high data density, some tests yielding lower transmissivities have not been presented because they seem unrepresentative of aquifer transmissivity in that area. Where aquifer tests are sparse or nonexistent, selected specific-capacity data are presented. The greater specific capacities in each aquifer in a general area were considered to be the most free of test errors and, therefore, most representative of the actual aquifer transmissivity. This is because most errors would tend to result in an underestimation of the transmissivity. 10,000 Also known as CAL-602.
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Also known as CAL-608. Upper number refers to drawdown, lower number refers to recovery. Specific capacity based on drawdown at 24 hours or projected to 24 hours where test duration is less than 24 hours. 6 S is the storage coefficient. Table 2 is a compilation of selected aquifer-test information and related well information for the Coastal Plain aquifers of South Carolina. This table includes only the tests deemed to be representative of the respective aquifer transmissivities. Between one-half and one-third of the multiple-well and single-well aquifer tests that were evaluated have been incorporated into this table. The distribution of the tests, by county, is shown in figure 5 .
METHODS OF ANALYSIS Aquifer Tests
Multiple-well aquifer tests, those using an observation well, were generally analyzed by either the Theis method for nonleaky aquifers (Theis, 1935) , or the Hantush-Jacob method for leaky aquifers (Hantush-Jacob, 1955 ). Both of these methods involve a type-curve matching technique. Reported transmissivity results for multiple-well tests are derived considering all available data, including measurements from observation wells and the pumped well.
Multiple-well test results reflect the aquifer properties between the pumped well and one or more observation wells; however, single-well aquifer tests reflect the aquifer transmissivity in the general vicinity of the pumped well. Single-well aquifer tests generally were analyzed by using straight-line solutions for drawdown (Cooper and Jacob, 1946) or recovery (Theis, 1935) . Curve-matching solutions are usually not feasible with single-well data because of the general lack of good early-time data and the interference from other factors in the pumped well early in the pumping period. The slope of the best-fit line through data points plotted as water level or drawdown versus time was used to compute transmissivity in the equation: T = 35.2Q/(As/Alog t) where T = transmissivity, in feet squared per day; Q = discharge rate, in gallons per minute; and As/Alog t = slope of best-fit line of drawdown versus log time.
This method is usually adequate before leakage becomes significant because u, which is equal to r 2 S/4Tt, is less than 0.01 at small values of time (t) considering the small effective radius (r) of the pumping well and reasonable storage coefficients (S) (Lohman, 1972, p. 23) . Although recovery data frequently yield better analyses than drawdown data, most analyses relied on drawdown data because they were more available. Storage coefficients cannot be accurately determined from single-well aquifer test data.
Problems previously mentioned, such as partial penetration and lack of control over data collection, will affect analysis of aquifer tests. Many more single-well aquifer tests were not used than were used. The drawdown versus log time plots of the rejected tests were not linear or they formed no consistent pattern, indicating either that the assumptions of the method of analysis were violated or that inadequate test procedures were used in the data collection. In some cases, insufficient data were available for an adequate analysis. Some multiple-well aquifer tests were also rejected for similar reasons. Well losses and aquifer losses resulting from poor well development do not affect multiple-well tests and probably affect singlewell tests only very early in the tests, a period not relied on in the analysis of the single-well tests.
Specific Capacities
Selected specific-capacity tests for areas where aqliifer-test data were unavailable or sparse are presented in table 3. About 10 percent of the available specific-capacity tests are included in this table. The distribution of tabulated specific-capacity tests is shown in figure 6 .
The specific-capacity of a well can provide the basis for an estimate of a minimum aquifer transmissivity. Estimates of transmissivity can be obtained from specific-capacity data by a number of methods, including those of Brown (1963) and Bedinger and Enunett (1963) . There is a direct relation between specific-capacity and aquifer transmissivity for a given condition of effective well diameter, duration of test, and storage coefficient. In actual practice, however, well loss varies widely resulting in a wide range of specific-capacity derived transmissivities in locations where numerous tests are available.
USE OF TEST DATA
Application of the transmissivity data should be made keeping in mind the limitations of the available test data and the methods of analysis, as previously discussed. The nature of the aquifer sediments also has bearing on the use of these data. Aquifers in the Coastal Plain of South Carolina typically consist of lenses of sand of varying thickness and areal extent. These lenses are idealized together both laterally and vertically as if they were a continuous, homogeneous single mass, although they are really not. This nonhomogeneity directly results in the common occurrence of hydrologic boundaries, as recognized in the analysis of the aquifer tests. It also results in significant variation in transmissivity over short distances.
The use of these data must be with the above uncertainties in mind. In areas where the density of data is relatively high, more confidence can be placed in the range of transmissivity values. Conversely, where the data density is low or consists mostly of transmissivity estimates derived from specific-capacity tests less confidence is appropriate. Extrapolation of these test results into nearby areas can yield meaningful results if the aquifer materials and the screened intervals are similar. Extrapolation of test results from one aquifer to estimate transmissivity in another aquifer has little meaning. In any case, the use of these data must be done with consideration of their limitations.
SUMMARY
Aquifer and well hydraulic characteristics obtained from more than 100 multiple-well and single-well aquifer tests in th,e Coastal Plain of South Carolina were tabulated by county. Multiple-well aquifer tests were analyzed by the Theis method for nonleaky aquifers and the Hantush-Jacob method for leaky aquifers. Single-well tests were analyzed by straight-line solution techniques for drawdown (Cooper-Jacob) and recovery (Theis recovery) tests. Specific-capacity test data are presented for areas where aquifertest information is sparse. The data are based largely on well performance tests conducted by well drillers and consulting engineers. Many tests are not reported because they do not appear to be representative of aquifer transmissivity. Although this information should be applied cautiously, it is of value in estimating transmissivity and storage-coefficient values for the Coastal Plain aquifers.
